The effect of zinc on reperfusion arrhythmias in the isolated perfused rat heart.
Considerable evidence suggests that free radicals engendered by redox-active metals, particularly iron and copper, are causative agents in reperfusion injury following ischemia. This study demonstrates that perfusion of the isolated rat heart with a buffer containing zinc, a non-redox active metal similar to copper in its coordination chemistry, inhibits the development of ventricular arrhythmias during reperfusion. Zinc was employed as the bishistidine complex, Zn--His2, to maintain solubility and permeability. Zn--His2 exerted an antiarrhythmic activity as hearts spent a longer time in normal sinus rhythm and a shorter time in ventricular fibrillation during reperfusion following 10 min of regional ischemia. However, Zn--His2 also produced a negative inotropic and chronotropic effect, evident during equilibration and ischemia. In the course of experiments which began in Israel and continued in the U.S. it was necessary to use two different sources of rats. Hearts from the two sources manifested different sensitivities to the concentrations of Zn--His2, although their physiological effects were similar. Differential activity responses were noted for antiarrhythmic activity, negative inotropic and chronotropic properties, and toxicity. In both groups of untreated hearts the incidence of ventricular fibrillation after ischemia was 100%. Ventricular fibrillation was reduced to 17% at 37.5 microM Zn--His2 in the U.S.-bred rat hearts and to 9% at 200 microM Zn--His2 in those from Israel. These changes in Zn--His2 treated animals were accompanied by a decrease in lactate dehydrogenase release from the myocardium during reperfusion. None of the protective effects was due to histidine alone. These results indicate that zinc prevents ventricular arrhythmias during reperfusion following regional ischemia and may prevent membrane damage, possibly, by reduction of free radical formation.